In this paper, we combine concepts of interval-valued fuzzy soft sets and graph theory. Then we introduce notations of interval-valued fuzzy soft graphs and complete interval-valued fuzzy soft graphs. We also present several di erent types operations including cartesian product, strong product and composition on interval-valued fuzzy soft graphs and investigate some properties of them.
Introduction
The notion of interval-valued fuzzy set was introduced by Zadeh [26] as a continuation of fuzzy sets [27] . Because they present more adequate description for uncertainty, interval-valued fuzzy sets more useful than traditional fuzzy sets. Interval-valued fuzzy sets were greatly studied by some researchers. Gorzalczany [12] gave a method of inference in approximate reasoning by using interval-valued fuzzy sets. Roy and Biswas [21] introduced concept of interval-valued fuzzy relations. Turksen [22] studied on multivalued logic by using interval-valued fuzzy sets.
Rosenfeld [19] introduced and improved the concept of fuzzy graphs. Later, Bhattacharya [7] gave some remarks on fuzzy graphs. Mordeson and Peng [18] introduced several notations on fuzzy graphs. Akram et al. (see, [1] [2] [3] [4] ) have introduced several new concepts on fuzzy graphs.
The concept of fuzzy soft set theory was rstly introduced by Maji et al. [16] as a new mathematical tool for cope with uncertainties. Fuzzy soft sets have potential applications in various elds. Maji et al. [16] investigated some properties of this notion. Thereafter many researchers have applied this concept on di erent algebraic structures in mathematics (see, [5, 6, 8-11, 14, 15, 17, 20, 23, 25] ). The concept of interval-valued fuzzy soft sets was introduced by Yang et al. [24] .
In this paper, primarily, we give the concepts of fuzzy subset, fuzzy graph, fuzzy soft set, interval-valued fuzzy soft set, interval-valued fuzzy graph. After that we introduce the notions of interval valued fuzzy soft graph and complete interval-valued fuzzy soft graph. We then give some related examples. We also present several di erent types operations including cartesian product, strong product and composition on intervalvalued fuzzy soft graphs and investigate some properties of them. 
De nition 2.6. [13] The mapping R :
De nition 2.7. [24] Let X be an initial universe and A ⊆ E be a set of parameters. Let IVF(X) denotes the set of all interval-valued fuzzy subset of X. If ϕ is a mapping given by ϕ : A → IVF(X), then the pair (ϕ, A) is called an interval-valued fuzzy soft set over X.
De nition 2.8. [24] Let (ϕ, A) and (ψ, B) be two interval-valued fuzzy soft sets over X. We say that (ϕ, A) is an interval-valued fuzzy soft subset of (ψ, B) and write (ϕ, A)
De nition 2.9. 
Interval-Valued Fuzzy Soft Graphs
De nition 3.1. An interval-valued fuzzy soft graph over the set V is given by ordered 4-tuple G = (G * F(e ) = {(x, . , . ), (y, . , . ), (z, . , . ), (t, . , . )} F(e ) = {(x, . , . ), (y, . , . ), (z, . , . )}
Now let (K, A) be an interval-valued fuzzy soft set over E de ned by
K(e ) = {(xy, . , . ), (yz, . , . ), (zt, . , . ), (tx, . , . )} K(e ) = {(xy, . , . ), (yz, . , . ), (zx, . , . )} Figure 1 . 
It is clearly seen that H(e ) = (F(e ), K(e )) and H(e ) = (F(e ), K(e )) are interval-valued fuzzy graphs corresponding to the parameters e and e , respectively, as shown in
Hence G = (G * , F, K, A) is an interval- valued fuzzy soft graph. z( . , . ) t( . , . ) x( . , . ) y( . , . ) ( . , . ) ( . , . ) ( . , . ) ( . , . ) H(e ) z( . , . ) x( . , . ) y( . , . ) ( . , . ) ( . , . ) ( . , . ) H(e )G * . Then G is called interval-valued fuzzy soft subgraph of G if i. A ⊆ B ii. H (a) = (F (a), K (a)) is an interval-valued fuzzy subgraph of H (a) = (F (a), K (a)) for all a ∈ A.
Example 3.4. Consider the interval-valued fuzzy soft graph G = (G * , F, K, A) as taken in Example 3.2. Let B = {e , e } be a set of parameters, (F , B) and (K , B) be two interval-valued fuzzy soft sets over V and E, respectively, de ned by
F (e ) = {(x, . , . ), (y, . , . ), (z, . , . ), (t, . , . )} F (e ) = {(x, . , . ), (y, . , . ), (z, . , . )} K (e ) = {(xy, . , . ), (yz, . , . ), (zt, . , . )} K (e ) = {(xy, . , . ), (yz, . , . )} It is clearly seen that H (e ) = (F (e ), K (e )) and H (e ) = (F (e ), K (e )) are interval-valued fuzzy graphs corresponding to the parameters e and e , respectively. 
for all e ∈ A and {xy} ∈ E. 
, where G * = (V × V , E × E ), and is de ned by for all e ∈ A and e ∈ B.
Example 3.8. Let G * = (V , E ) and G * = (V , E ) be two graphs such that
set of parameters, and let (F , A) and (K , A) be two interval-valued fuzzy soft sets over V and E , respectively, de ned by
F (e ) = {(x , . , . ), (y , . , . ), (z , . , . ), (t , . , . )} K (e ) = {(x y , . , . ), (z t , . , . )}
Now let B = {e } be a set of parameters, and let (F , B) and (K , B) be two interval-valued fuzzy soft sets over V and E , respectively, de ned by
F (e ) = {(x , . , . ), (y , . , . ), (z , . , . ), (t , . , . )} K (e ) = {(x y , . , . ), (z t , . , . )} ( 
Clearly, H(e ) = (F (e ), K (e )) and H(e ) = (F (e ), K (e ))
(µ − K (e ) × µ − K (e ) ) (x ,x ) = min(µ − F (e ) (x ), µ − F (e ) (x )) ≤ min[(µ − F (e ) × µ − F (e ) ) (x ) , (µ − F (e ) × µ − F (e ) ) (x ) ] (µ + K (e ) × µ + K (e ) ) (x ,x ) = min(µ + F (e ) (x ), µ + F (e ) (x )) ≤ min[(µ + F (e ) × µ + F (e ) ) (x ) , (µ + F (e ) × µ + F (e ) ) (x ) ] Case (ii) If x ∈ V and (x , y ) ∈ E , then (µ − K (e ) × µ − K (e ) ) ((x,x )(x,y )) = min(µ − F (e ) (x), µ − K (e ) (x , y )) ≤ min[µ − F (e ) (x), min(µ − F (e ) (x ), µ − F (e ) (y ))] = min[min(µ − F (e ) (x), µ − F (e ) (x )), min(µ − F (e ) (x), µ − F (e ) (y ))] = min[(µ − F (e ) × µ − F (e ) ) (x,x ) , (µ − F (e ) × µ − F (e ) ) (x,y ) ] (µ + K (e ) × µ + K (e ) ) ((x,x )(x,y )) = min(µ + F (e ) (x), µ + K (e ) (x , y )) ≤ min[µ + F (e ) (x), min(µ + F (e ) (x ), µ + F (e ) (y ))] = min[min(µ + F (e ) (x), µ + F (e ) (x )), min(µ + F (e ) (x), µ + F (e ) (y ))] = min[(µ + F (e ) × µ + F (e ) ) (x,x ) , (µ + F (e ) × µ + F (e ) ) (x,y ) ] Case (iii) If x ∈ V and (x , y ) ∈ E , then (µ − K (e ) × µ − K (e ) ) ((x ,z)(y ,z)) = min(µ − K (e ) (x , y ), µ − F (e ) (z)) ≤ min[µ − F (e ) (z), min(µ − F (e ) (x ), µ − F (e ) (y ))] = min[min(µ − F (e ) (x ), µ − F (e ) (z)), min(µ − F (e ) (y ), µ − F (e ) (z))] = min[(µ − F (e ) × µ − F (e ) ) (x ,z) , (µ − F (e ) × µ − F (e ) ) (y ,z) ] (µ + K (e ) × µ + K (e ) ) ((x ,z)(y ,z)) = min(µ + K (e ) (x , y ), µ                                                       (µ − F (e ) ⊗ µ − F (e ) ) (x,w) = min(µ − F (e ) (x), µ − F (e ) (w)) (µ + F (e ) ⊗ µ + F (e ) ) (x,w) = min(µ + F (e ) (x), µ + F (e ) (w)) for all (x, w) ∈ V × V (µ − K (e ) ⊗ µ − K (e ) ) ((x,w)(x,z)) = min(µ − F (e ) (x), µ − K (e ) (w, z)) (µ + K (e ) ⊗ µ + K (e ) ) ((x,w)(x,z)) = min(µ + F (e ) (x), µ + K (e ) (w, z)) for all x ∈ V and (w, z) ∈ E (µ − K (e ) ⊗ µ − K (e ) ) ((x,w)(y,w)) = min(µ − K (e ) (x, y), µ − F (e ) (w)) (µ + K (e ) ⊗ µ + K (e ) ) ((x,w)(y,w)) = min(µ + K (e ) (x, y), µ + F (e ) (w)) for all w ∈ V and (x, y) ∈ E (µ − K (e ) ⊗ µ − K (e ) ) ((x,w)(y,z)) = min(µ − K (e ) (x, y), µ − K (e ) (w, z)) (µ + K (e ) ⊗ µ + K (e ) ) ((x,w)(y,z)) = min(µ + K (e ) (x, y), µ + K (e ) (w, z)) for all (x, y) ∈ E and (w, z) ∈ E                                                                          (µ − F (e ) • µ − F (e ) ) (x,w) = min(µ − F (e ) (x), µ − F (e ) (w)) (µ + F (e ) • µ + F (e ) ) (x,w) = min(µ + F (e ) (x), µ + F (e ) (w)) for all (x, w) ∈ V × V (µ − K (e ) • µ − K (e ) ) ((x,w)(x,z)) = min(µ − F (e ) (x), µ − K (e ) (w, z)) (µ + K (e ) • µ + K (e ) ) ((x,w)(x,z)) = min(µ + F (e ) (x), µ + K (e ) (w, z)) for all x ∈ V and (w, z) ∈ E (µ − K (e ) • µ − K (e ) ) ((x,w)(y,w)) = min(µ − K (e ) (x, y), µ − F (e ) (w)) (µ + K (e ) • µ + K (e ) )
Conclusion
Graph theory is an extremely useful mathematical tool to solve the complicated problems in di erent elds. The interval-valued fuzzy soft sets constitute a generalization of Maji's fuzzy soft set theory [16] . The intervalvalued fuzzy soft models give more sensitive, exibility and conformity to the systems as compared to the fuzzy soft models. We applied the concept of interval-valued fuzzy soft sets to graph structures and describe method of their construction. We also de ned cartesian product, strong product and composition on intervalvalued fuzzy soft graphs and gave some of their properties. We want to make, in near future, some algorithm and models using these results.
